WO 2004/087161 PCT/EP2004/003518 

-1 - 

Combinations Comprising Anti-epileptic Drugs for the Treatment of Neurological Disorders 

The present invention relates to combinations suitable for the treatment of neurological 
disorders, in particular epilepsy. Epilepsy is characterized by abnormal discharges of 
cerebral neurons and typically manifested as various types of seizures. 20 to 30 % of 
epilepsy patients are refractory to current therapy. 

Surprisingly, it has been found that the effect of a combination which comprises two anti- 
epileptic drugs selected from the list consisting of barbiturates and derivatives thereof, 
benzodiazepines, carboxamides, hydantoins, succinimides, valproic acid and other fatty acid 
derivates, AMPA antagonists and other anti-epileptic drugs is greater than the additive effect 
of the combined anti-epileptic drugs. Furthermore, the combinations disclosed herein can be 
used to treat epilepsy which is refractory to monotherapy employing one of the combinations 
alone. 

Hence, the invention relates to a combination, such as a combined preparation or pharma- 
ceutical composition, which comprises two anti-epileptics selected from the list consisting of 
barbiturates and derivatives thereof, benzodiazepines, carboxamides, hydantoins, succin- 
imides, valproic acid and other fatty acid derivates, AMPA antagonists and other anti- 
epileptic drugs, in which the active ingredients are present in each case in free form or in the 
form of a pharmaceutical^ acceptable salt and optionally at least one pharmaceutical^ 
acceptable carrier; for simultaneous, separate or sequential use. 

The term "barbiturates and derivatives thereof as used herein includes, but is not limited to 
phenobarbital, pentobarbital, mepobarbital and primidon. The term "benzodiazepines" as 
used herein includes, but is not limited to clonazepam, diazepam and lorazepam. The term 
"carboxamides" as used herein includes, but is not limited to carbamazepine, oxcarbazepine, 
10-hydroxy-10,11-dihydrocarbamazepine and the compounds of formula II 
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wherein represents CrC 3 alkyl carbonyl. The term "hydantoins" as used herein includes, 
but is not limited to phenytoin. The term "succinimides" as used herein includes, but is not 
limited to ethosuximide, phensuximide and mesuximide. The term "valproic acid and other 
fatty acid derivates" as used herein includes, but is not limited to valproic acid sodium salt, 
tiagabine hydrochloride monohydrate and vigrabatrine. The term "other anti-epileptic drugs" 
as used herein includes, but is not limited to levetiracetam, lamotrigine, gabapentin, sultiam, 
felbamate, the 1 ,2,3-1 H-triazoles disclosed in EP 114 347, esp. rufinamide [1-(2,6-difluoro- 
benzyl)-1 H-[1 ,2,3]triazoIe-4-carboxylic acid amide] and the 2-aryl-8-oxodihydropurines 
disclosed in WO99/28320. The term "AMPA antagonists" as used herein includes, but is not 
limited to the quinoxalinedione aminoalkylphosphonates of formula I 



wherein 

Rj is hydroxy or (C^alkyl, 
R 2 is (d^alkyl, 

R 3 is hydrogen, (C1-4) alkyl, fluorine, chlorine, bromine, trifluoromethyl, cyano or nitro, and 
X is (d^)alkylene, (C^Jalkylidene, (C^alkylenefCa-eJcycIoalkylene or (C^alkylene- 

(C^cycloalkylidene, wherein the radicals and symbols have the meanings as defined 
in WO 98/17672; CX 691, EGIS 8332 (7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8-methyl-7H- 
1 f 3-dioxolo[4,5-h][2,3]ben2odiazepine-8-carbonitrile), GYKI 47261 (4-(8-chloro-2-methy!- 
11H-imidazo[1,2-c]t2,3]benzodiazepin-6-yl)benzenamine), Irampanel (BUR 561; N,N- 
dimethyl-2-[2-(3-phenyl-1,2,4-oxadiazol-5-yl)phenoxy]ethanamine), KRP 199 (7-[4-[[[[(4- 




I 



WO 2004/087161 



PCT/EP2004/003518 



-3- 

carboxyphenyl)amino]carbonyl]oxy]methyl]-1 H-imidazol-1 -yI]-3,4-dihydro-3-oxo-6- 
(trifluoromethyI)-2-quinoxalinecarboxy!ic acid), NS 1209 (2-[[[5-[4-[(dimethylamino)- 
sulfonyl]phenyl]-1,2,6,7,8,9-hexahydro-8-methyI-2-oxo -3H-pyrroIo[3,2-h]isoquinoiin-3- 
ylidene]ami&o]oxy]-4-hydroxybutanoic acid monosodium salt, e.g. prepared as described in 
WO 98/14447), topiramate (TOPAMAX, 2,3:4,5"bis-0-(1-methyiethylidene)-beta-D- 
fructopyranose sulfamate, preparation, e.g. as described in US 535475) and talampanel 
((R)-7-acetyl-5-(4-aminophenyl)-8,9-d^ 
diazepine, preparation, e.g. as described in EP 492485). 

Phenobarbital, can be administered, e.g., in the form as marketed, e.g. under the trademark 
Luminal™. Primidon can be administered, e.g., in the form as marketed, e.g. under the 
trademark Mylepsinum™. Clonazepam can be administered, e.g., in the form as marketed, 
e.g. under the trademark Antelepsin™. Diazepam can be administered, e.g., in the form as 
marketed, e.g. under the trademark Diazepam Desitin™. Lorazepam can be administered, 
e.g., in the form as marketed, e.g. under the trademark Tavor™. Carbamazepine can be 
administered, e.g., in the form as marketed, e.g. under the trademark Tegretal™ or 
Tegretol™. Oxcarbazepine can be administered, e.g., in the form as marketed, e.g. under 
the trademark Trileptal™. Oxcarbazepine is well known from the literature [see for example 
Schuetz H. et al., Xenobiotica (GB), 16(8), 769-778 (1986)]. The preparation of the 
compound of formula II wherein FV is C r C 3 alkyl carbonyl and its pharmaceutical^ 
acceptable salts is described, e.g., in US 5,753,646. 10-Hydroxy-10,11-dihydro- 
carbamazepine can be prepared as disclosed in US 3,637,661. 10-Hydroxy-l0,11- 
dihydrocarbamazepine may be administered, e.g., in the form as described in US 6,316,417. 
Phenytoin can be administered, e.g., in the form as marketed, e.g. under the trademark 
Epanutin™. Ethosuximide can be administered, e.g., in the form as marketed, e.g. under the 
trademark Suxinutin™. Mesuximide can be administered, e.g., in the form as marketed, e.g. 
under the trademark Petinutin™. Valproic acid sodium salt can be administered, e.g., in the 
form as marketed, e.g. under the trademark Leptilan™. Tiagabine hydrochloride 
monohydrate can be administered, e.g., in the form as marketed, e.g. under the trademark 
Gabitril™. Vigabatrine can be administered, e.g., in the form as marketed, e.g. under the 
trademark Sabril™. Levetiracetam can be administered, e.g., in the form as marketed, e.g. 
under the trademark Keppra™. Lamotrigine can be administered, e.g., in the form as 
marketed, e.g. under the trademark Lamictal™. Gabapentin can be administered, e.g., in the 
form as marketed, e.g. under the trademark Neurontin™. Sultiam can be administered, e.g., 
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in the form as marketed, e.g. under the trademark Ospolot™. Felbamate can be 
administered, e.g., in the form as marketed, e.g. under the trademark Taloxa™. Topiramate 
can be administered, e.g., in the form as marketed, e.g. under the trademark Topamax™. 
The 1 ,2,3-1 H-triazoIes disclosed in EP 114 347 may be administered, e.g., in the form as 
described in US 6,455,556. The 2-aryl-8-oxodihydropurines disclosed in WO99/28320 may 
be administered, e.g., in the form as described in WO99/28320. The compounds of formula I 
as well as their production process and pharmaceutical compositions thereof are known e.g. 
from WO 98/17672. 

The structure of the active ingredients identified by code nos., generic or trade names may 
be taken from the actual edition of the standard compendium 'The Merck Index" or from 
databases, e.g. Patents International (e.g. IMS World Publications). The corresponding 
content thereof is hereby incorporated by reference. Any person skilled in the art is fully 
enabled to identify the active ingredients and, based on these references, likewise enabled 
to manufacture and test the pharmaceutical indications and properties in standard test 
models, both in vitro and in vivo. 

The term "a combined preparation", as used herein defines especially a "kit of parts" in the 
sense that the first and second active ingredient as defined above can be dosed 
independently or by use of different fixed combinations with distinguished amounts of the 
ingredients, i.e., simultaneously or at different time points. The parts of the kit of parts can 
then, e.g., be administered simultaneously or chronologically staggered, that is at different 
time points and with equal or different time intervals for any part of the kit of parts. Very 
preferably, the time intervals are chosen such that the effect on the treated disease in the 
combined use of the parts is larger than the effect which would be obtained by use of only 
any one of the active ingredients. The ratio of the total amounts of the active ingredient 1 to 
the active ingredient 2 to be administered in the combined preparation can be varied, e.g., in 
order to cope with the needs of a patient sub-population to be treated or the needs of the 
single patient which different needs can be due to age, sex, body weight, etc. of the patients. 
Preferably, there is at least one beneficial effect, e.g., a mutual enhancing of the effect of the 
first and second active ingredient, in particular a synergism, e.g. a more than additive effect, 
additional advantageous effects, less side effects, a combined therapeutical effect in a non- 
effective dosage of one or both of the first and second active ingredient, and especially a 
strong synergism the first and second active ingredient. 
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It will be understood that in the discussion of methods, references to the active ingredients 
are meant to also include the pharmaceutical^ acceptable salts. If these active ingredients 
have, for example, at least one basic center, they can form acid addition salts. Corres- 
ponding acid addition salts can also be formed having, if desired, an additionally present 
basic center. The active ingredients having an acid group (for example COOH) can also form 
salts with bases. The active ingredient or a pharmaceutical^ acceptable salt thereof may 
also be used in form of a hydrate or include other solvents used for crystallization. 

A pharmaceutical combination which comprises two anti-epileptics selected from the list 
consisting of barbiturates and derivatives thereof, benzodiazepines, carboxamides, 
hydantoins, succinimides, valproic acid and other fatty acid derivates, AMPA antagonists and 
other anti-epileptic drugs, in which the active ingredients are present in each case in free 
form or in the form of a pharmaceutical^ acceptable salt, if at least one salt-forming group is 
present, will be referred to hereinafter as a COMBINATION OF THE INVENTION. 

Surprisingly it was found that the administration of a COMBINATION OF THE INVENTION 
results in a beneficial, especially a synergistic, therapeutic effect or in other surprising 
beneficial effects, e.g. less side effects, compared to a monotherapy applying only one of the 
pharmaceutical^ active ingredients used in the COMBINATION OF THE INVENTION. 

The pharmacological activity of a COMBINATION OF THE INVENTION may, for example, 
be evidenced in preclinical studies known as such, e.g. the Audiogenic Seizure Test or the 
methods described in the Examples. 

The pharmacological activity of a COMBINATION OF THE INVENTION may, for example, 
be demonstrated in a clinical study. Such clinical studies are preferably randomized, double- 
blind, clinical studies in patients with epilepsy. Such studies demonstrate, in particular, the 
synergism of the active ingredients of the COMBINATIONS OF THE INVENTION. The 
beneficial effects on epilepsy can be determined directly through the results of these studies 
or by changes in the study design which are known as such to a person skilled in the art. 
The studies are, in particular, suitable to compare the effects of a monotherapy using the 
active ingredients and a COMBINATION OF THE INVENTION. 
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A further benefit is that lower doses of the active ingredients of the COMBINATION OF THE 
INVENTION can be used, for example, that the dosages need not only often be smaller but 
are also applied less frequently, or can be used in order to diminish the incidence of side 
effects. This is in accordance with the desires and requirements of the patients to be treated. 
The COMBINATIONS OF THE INVENTION can be used, in particular, for the treatment of 
epilepsy which is refractory to monotherapy. 

In one preferred embodiment of the invention, the COMBINATION OF THE INVENTION 
comprises a carboxamide. 

In another preferred embodiment of the invention, the COMBINATION OF THE INVENTION 
comprises an AMPA antagonist. 

Very preferred is a COMBINATION OF THE INVENTION comprising as active ingredients 
two anti-epileptic drugs, wherein a first anti-epileptic is selected from carboxamides, 
especially carbamazepine, oxcarbazepine, 10-hydroxy-10,11-dihydrocarbamazepine, a 
compound of formula II wherein FV represents acetoxy, tiagabine hydrochloride mono- 
hydrate, phenobarbital, levetiracetam and lamotrigine, and a second anti-epileptic is an 
AMPA antagonists. 

Preferably, the AMPA antagonists used in the present invention are noncompetitive AMPA 
antagonists. 

In one preferred embodiment of the invention, the AMPA antagonists used are 
quinoxalinedione aminoalkylphosphonates, in particular those of formula I, e.g. those 
disclosed in US 6,080,743, more preferably a compound of formula I, wherein is 
hydroxy, R 2 is hydrogen, R 3 is nitro and X is methylene. 

In another embodiment of the invention, the AMPA antagonists used is selected from 
CX691 , EGIS8332 (7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8-methyI-7H-1 ,3-dioxolo[4,5- 
h][2,3]benzodiazepine-8-carbonitrile), GYKI47261 (4-(8-chloro-2-methyl-1 1 H-imidazo[1 ,2- 
c][2,3]benzodiazepin-6-yl)benzenamine), Irampanel (B1IR561; N,N-dimethyl-2-[2-(3-phenyl- 
1 ^^-oxadiazol-S-yOphenoxylethanamine), KRP199 (7-[4-[[[[(4-carboxyphenyl)amino]- 
carbonyl]oxy]methyl]-1H-imidazol-1-yl]-3,4-dihydro-3-oxo-6-(trifluoromethyI)-2-quinoxaline- 
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carboxyiic acid), NS1209 (2-[[t5-[4-[(dimethyIamino)sulfonyl]phenyI]-1,2 l 6,7,8,9-hexahydro-8- 
methyl-2-oxo -3H-pyrroIo[3,2-h]isoquinolin-3-ylidene]amino]oxy]-4-hydroxybutanoic acid 
monosodium salt), topiramate (TOPAMAX, 2,3:4,5-bis-0-(1-methylethylidene)-beta-D- 
fructopyranose sulfamate) and talampanel ((R)-7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8- 
methyl-7H-1 J 3-dioxolo[4,5-h][2,3]benzodiazepine). 

It is one objective of this invention to provide a pharmaceutical composition comprising a 
quantity, which is jointly therapeutically effective against epilepsy, comprising at least two 
anti-epileptics or a pharmaceutical^ acceptable salt thereof and at least one pharma- 
ceutical^ acceptable carrier. In this composition, the first and second active ingredient can 
be administered together, one after the other or separately in one combined unit dosage 
form or in two separate unit dosage forms. The unit dosage form may also be a fixed 
combination. 

The pharmaceutical compositions according to the invention can be prepared in a manner 
known per se and are those suitable for enteral, such as oral or rectal, and parenteral 
administration to mammals (warm-blooded animals), including man, comprising a thera- 
peutically effective amount of at least one pharmacologically active ingredient, alone or in 
combination with one or more pharmaceutical^ acceptable carries, especially suitable for 
enteral or parenteral application. The preferred route of administration of the dosage forms 
of the present invention is orally. 

The novel pharmaceutical composition contain, for example, from about 10 % to about 
100 %, preferably from about 20 % to about 60 %, of the active ingredients. Pharmaceutical 
preparations for the combination therapy for enteral or parenteral administration are, for 
example, those in unit dosage forms, such as sugar-coated tablets, tablets, capsules or 
suppositories, and furthermore ampoules. If not indicated otherwise, these are prepared in a 
manner known per se, for example by means of conventional mixing, granulating, sugar- 
coating, dissolving or lyophilizing processes. It will be appreciated that the unit content of 
active ingredient or ingredients contained in an individual dose of each dosage form need 
not in itself constitute an effective amount since the necessary effective amount can be 
reached by administration of a plurality of dosage units. 
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ln preparing the compositions for oral dosage form, any of the usual pharmaceutical media 
may be employed, such as, for example, water, glycols, oils or alcohols; or carriers such as 
starches, sugars, microcristalline cellulose, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like in the case of oral solid preparations such as, for example, 
powders, capsules and tablets. Because of their ease of administration, tablets and capsules 
represent the most advantageous oral dosage unit form in which case solid pharmaceutical 
carriers are obviously employed. 

Furthermore, the present invention relates to the use of a COMBINATION OF THE 
INVENTION for the preparation of a medicament for the treatment of epilepsy. 

Additionally, the present invention provides a method of treating a warm-blooded animal 
having epilepsy comprising administering to the animal a COMBINATION OF THE 
INVENTION in a quantity which is jointly therapeutically effective against epilepsy and in 
which the compounds can also be present in the form of their pharmaceutical^ acceptable 
salts. 

Moreover, the present invention provides a commercial package comprising as active 
ingredients COMBINATION OF THE INVENTION, together with instructions for simul- 
taneous, separate or sequential use thereof in the treatment of epilepsy. 

in particular, a therapeutically effective amount of each of the active ingredients of the 
COMBINATION OF THE INVENTION may be administered simultaneously or sequentially 
and in any order, and the components may be administered separately or as a fixed 
combination. For example, the method of treatment of diseases according to the invention 
may comprise (i) administration of the first active ingredient in free or pharmaceutical^ 
acceptable salt form and (ii) administration of the second active ingredient in free or 
pharmaceutical^ acceptable salt form, simultaneously or sequentially in any order, in jointly 
therapeutically effective amounts, preferably in synergistically effective amounts, e.g. in daily 
dosages corresponding to the amounts described herein. The individual active ingredients of 
the COMBINATION OF THE INVENTION can be administered separately at different times 
during the course of therapy or concurrently in divided or single combination forms. 
Furthermore, the term administering also encompasses the use of a prodrug of an active 
ingredient that convert in vivo to the active ingredient. The instant invention is therefore to be 
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understood as embracing all such regimes of simultaneous or alternating treatment and the 
term "administering" is to be interpreted accordingly. 

In one preferred embodiment of the invention, the COMBINATION OF THE INVENTION is 
used for the treatment of treatment of epilepsy which is refractory to monotherapy. 

The effective dosage of each of the active ingredients employed in the COMBINATION OF 
THE INVENTION may vary depending on the particular compound or pharmaceutical 
composition employed, the mode of administration, the severity of the condition being 
treated. Thus, the dosage regimen the COMBINATION OF THE INVENTION is selected in 
accordance with a variety of factors including the route of administration and the renal and 
hepatic function of the patient. A physician, clinician or veterinarian of ordinary skill can 
readily determine and prescribe the effective amount of the single active ingredients required 
to prevent, counter or arrest the progress of the condition. Optima! precision in achieving 
concentration of the active ingredients within the range that yields efficacy without toxicity 
requires a regimen based on the kinetics of the active ingredients 1 availability to target sites. 
This involves a consideration of the distribution, equilibrium, and elimination of the active 
ingredients. 

When the combination partners employed in the COMBINATION OF THE INVENTION are 
applied in the form as marketed as single drugs, their dosage and mode of administration 
can take place in accordance with the information provided on the packet leaflet of the 
respective marketed drug in order to result in the beneficial effect described herein, if not 
mentioned herein otherwise. In particular, 

Phenobarbital may be administered to an adult patient in a total daily dosage between about 
1 to about 3 mg/kg body weight and to a paediatric patient in a total daily dosage between 
about 3 to about 4 mg/kg body weight, split into two separate units. 

Primidone may be administered to an adult patient and to children being at least 9 years old 
in a total daily dosage of 0.75 to 1 .5 g. 
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Clonazepam may be administered to an adult patient in a total daily dosage between about 3 
to about 8 mg and to a paediatric patient in a total daily dosage between about 0.5 to about 
3 mg, split into three of four separate units. 

Diazepam may be administered to an adult patient in a total daily dosage between about 5 to 
about 10 mg and to a paediatric patient in a total daily dosage between about 5 to about 10 
mg. 

Lorazepam may be administered to an adult patient in a total daily dosage between about . 
0.044 mg/kg body weight to about 0.05 mg/kg body weight. 

Carbamazepine may be administered to an adult patient in a total daily dosage between 
about 600 to about 2000 mg and to a paediatric patient older than 6 years in a total daily 
dosage between about 400 to about 600 mg. 

Oxcarbazepine may be administered to an adult patient in a total daily dosage between 
about 600 to about 2400 mg and to a paediatric patient in a total daily dosage between 
about 30 to about 46 mg/kg body weight. 

Phenytoin may be administered to an adult patient in a total daily dosage between about 100 
to about 300 mg and to a paediatric patient in a total daily dosage between about 100 to 
about 200 mg. 

Ethosuximide may be administered to an adult patient in a total daily dosage of about 15 
mg/kg body weight and to a paediatric patient in a total daily dosage of about 20 mg/kg body 
weight. 

Valproic acid sodium salt may be administered to an adult patient in a total daily dosage of 
about 20 mg/kg body weight and to a paediatric patient in a total daily dosage of about 30 
mg/kg body weight. 

Tiagabine hydrochloride monohydrate may be administered to an adult patient in a total daily 
dosage between about 15 to about 70 mg. 
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Vigrabatrine may be administered to an adult patient in a total daily dosage between about 2 
to about 3 g. 

Levetiracetam may be administered to patient who is older than 1 6 years in a total daily 
dosage between about 1000 to about 3000 mg. 

Lamotrigine may be administered to patient who is older than 12 years in a total daily dosage 
between about 100 to about 200 mg. 

Gabapentin may be administered to patient in a total daily dosage between about 900 to 
about 2400 mg. 

Sultiam may be administered to patient in a total daily dosage between about 5 to about 1 0 
mg/kg body weight. 

Felbamate may be administered to patient who is older than 14 years in a total daily dosage 
of between about 2400 to about 3600 mg. 

Topiramate may be administered to an adult patient in a total daily dosage of between about 
250 to about 500 mg. 

The following Examples serve to illustrate the invention without limiting the invention in its 
scope. 

Example 1 : Maximal Electroshock Test-induced Seizures 

Generalized tonic-clonic seizures are induced in mice by a maximal electroshock test (MES). 
In brief, seizures of the hind extremities of male Tif: MAGf (SPF) mice (19-25 g) are 
induced by passing alternating electrical current (50 Hz, 18 mA, 0.2 s) through temporal 
electrodes. The compounds and carbamazepine are suspended in 0.5% methyl cellulose for 
p.o. administration (doses for the compounds: 3.125, 6.25, 12.5 and 20.0 mg/kg p.o). The 
pre-treatment period for all compounds is 1 h. Ten animals per dose are used. For each 
experiment one group serves as a negative control (placebo). The number of animals 
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protected from tonic hind limb extension seizure is determined in each dose and combination 
group. 

A compound of formula I wherein is hydroxy, R 2 is hydrogen, R 3 is nitro and X is 
methylene (compound 1) combined with placebo consistently suppress MES-induced 
seizures in up to 50% of the mice at the doses of 3.125 to 20.0 mg/kg p.o. (pre-treatment 
period: 1 h). Carbamazepine at doses of 7.5 to 20.0 mg/kg p.o. combined with placebo 
protects up to 80% of the mice. The anticonvulsant effect of compound 1 doses combined 
with those of carbamazepine is more than additive in every possible case (Table 1). 

Table 1 



Compound 1 combined with: 


% animals protected from seizures 


Compound 


Dose 


Placebo 


Compound 1 , 
3.125 mg/kg 


Compound 1 , 
6.25 mg/kg 


Placebo 




0% 


0% 


0% 


Carbamazepine 


7.5 mg/kg 
12.5 mg/kg 


0% 
20% 


40% 
80% 




Carbamazepine 


12.5 mg/kg 
20.0 mg/kg 


60% 
80% 




90 
100 



Ten animals per dose. 



